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Abstract

Background: Sirolimus-eluting stents have recently been shown
to reduce the risk of restenosis among patients who undergo
percutaneous coronary intervention (PCl). Given that
sirolimus-eluting stents cost about 4 times as much as con-
ventional stents, and considering the volume of PCl proce-
dures, the decision to use sirolimus-eluting stents has large
economic implications.

Methods: We performed an economic evaluation comparing
treatment with sirolimus-eluting and conventional stents in pa-
tients undergoing PCl and in subgroups based on age and dia-
betes mellitus status. The probabilities of transition between
clinical states and estimates of resource use and health-related
quality of life were derived from the Alberta Provincial Project
for Outcome Assessment in Coronary Heart Disease (AP-
PROACH,) database. Information on effectiveness was based
on a meta-analysis of randomized controlled clinical trials
(RCTs) comparing sirolimus-eluting and conventional stents.

Results: Cost per quality-adjusted life year (QALY) gained in the
baseline analysis was Can$58 721. Sirolimus-eluting stents
were more cost-effective in patients with diabetes and in those
over 75 years of age, the costs per QALY gained being
$44 135 and $40 129, respectively. The results were sensitive
to plausible variations in the cost of stents, the estimate of the
effectiveness of sirolimus-eluting stents and the assumption
that sirolimus-eluting stents would prevent the need for car-
diac catheterizations in the subsequent year when no revascu-
larization procedure was performed to treat restenosis.

Interpretation: The use of sirolimus-eluting stents is associated
with a cost per QALY that is similar to or higher than that of
other accepted medical forms of therapy and is associated
with a significant incremental cost. Sirolimus-eluting stents are
more economically attractive for patients who are at higher
risk of restenosis or at a high risk of death if a second revascu-
larization procedure were to be required.
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estenosis is a major limitation to the long-term suc-
R cess of percutaneous coronary intervention (PCI). It
is estimated that 14% of patients who undergo PCI
with stent implantation require a second intervention

within a year to manage restenosis." A second coronary

procedure carries a significant risk of death or impairment
in health-related quality of life (HRQOL).? Moreover,

given that approximately 21 200 PCIs with stenting were
performed in Canada in 1999, restenosis has major eco-
nomic implications.’

Drug-eluting stents are the most recent technologic ad-
vance in restenosis prevention. To date, 4 randomized con-
trolled clinical trials (RCT's) have compared the efficacy of
sirolimus-eluting stents (the first available drug-eluting
stent) and standard uncoated stents in the treatment of de
novo native coronary artery disease and published their
findings: RAVEL* (RAndomized study with the sirolimus-
eluting VELocity balloon-expandable stent), SIRIUS’
(study of the SIRolImUS-eluting stent), and C-SIRIUS®
and E-SIRIUS;” the Canadian and European arms of SIR-
IUS. These trials all found notable reductions in the inci-
dence of radiographic evidence of restenosis and sympto-
matic restenosis with the use of sirolimus-eluting stents.
However, the overall survival rate was not affected. Cur-
rently, the cost of sirolimus-eluting stents (about Can$2900
per stent) is nearly 4 times that of conventional stents.®
Given the volume of PClIs performed annually, decision-
makers must determine their optimal use.

Using a subset of the cohort in the Alberta Provincial
Project for Outcome Assessment in Coronary Heart Dis-
ease (APPROACH),” we estimated clinical event rates,
HRQOL and health care costs for patients undergoing
PCI with implantation of a conventional stent. Combining
this information with data from the 4 RCTs, we estimated
the cost per quality-adjusted life-year (QALY) gained by
using sirolimus-eluting stents rather than conventional
stents for such patients.

Methods

All outcome data considered in this analysis were derived from
the APPROACH database, a prospective cohort initiative that
captures data for all patients undergoing cardiac catheterization in
Alberta. The database provides estimates of clinical event rates,
HRQOL and costs for all patients with conventional stents, which
ensured high-quality input values for our economic evaluation.”'
Data for the 7334 patients who underwent PCI with implantation
of conventional stents between 1998 and 2000 were used to esti-
mate event rates and HRQOL. Because costing data were not
available for this cohort, we used data for the 1812 patients who
underwent PCI with implantation of conventional stents between
1995 and 1997 to estimate health care costs.
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A Markov process was used to model the cost and clinical out-
comes after PCI with stenting in 6-month intervals (Fig. 1; the full
model is available in an online appendix [www.cmaj.ca/cgi/content
/full/172/3/345/DC1]). A Markov model simulates, on the basis of
observed probabilities of transition between discrete clinical states,
what would occur over a lifetime in a cohort of patients with the
selected treatment. Patients may progress through the following 5
health states after an initial PCI: 1) alive with no clinical restenosis
(i.e., event-free), 2) clinical restenosis as determined by the need
for a subsequent coronary artery bypass graft (CABG), 3) clinical
restenosis as determined by the need for repeat PCI, 4) repeat
catheterization with no subsequent revascularization procedure
(defined as no PCI or CABG in the ensuing 3 months) and
5) death. Consistent with published literature, restenosis is consid-
ered to occur only in the first year after initial PCL' Thereafter,
patients have an ongoing long-term risk of death.

Repeat catheterization with no subsequent revascularization
procedure is relatively common and relates to the lack of radi-
ographic evidence of restenosis in the target vessel, feasibility con-
siderations (in the patient or the vessel) despite evidence of
restenosis, or preference of the health care provider or the patient

(or both). For all such cases, we reviewed the coronary anatomy at
the time of repeat angiography and found that the target vessel in
the index PCI was more than 50% occluded in 49.5% of cases.
Thus, in our baseline analysis, we assumed that 49.5% of repeat
catheterizations that were not followed by PCI or CABG would
have been avoided if sirolimus-eluting stents had been used.

The risk of death in the first 6 months after the index PCI was
determined with use of the 1998-2000 APPROACH cohort. To
increase the precision of our estimates of long-term survival after
specific events, we used an expanded cohort of 8528 APPROACH
patients undergoing conventional stenting in 1995-2000 and ana-
lyzed data on death between 6 months and 4 years after PCI in
patients in each of the predefined health states, stratified by age
and diabetes mellitus status. Given the small numbers of patients
in some of the strata, we used a Cox proportional-hazard model to
derive hazard ratios (relative risks) for death in specific strata dur-
ing the subsequent 3.5 years compared with patients under the
age of 65 without diabetes. To account for increasing age-related
mortality after 4 years, we multiplied the hazard ratios for each
stratum by the age-specific increment in mortality risk of the
Canadian population."

Uncoated stent Sirolimus-eluting stent
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Fig. 1: Markov model, showing cost and clinical outcomes after percutaneous coronary interven-
tion (PCl) with stenting in 6-month intervals. After initial PCl, patients are at risk of clinical
restenosis over the first year. During this year, they may progress through 5 discrete health states:
1) alive with no clinical restenosis (i.e., event-free), 2) clinical restenosis as determined by the
need for a subsequent coronary artery bypass graft (CABG), 3) clinical restenosis as determined by
the need for repeat PCl, 4) repeat catheterization with no subsequent revascularization procedure
(defined as no PCI or CABG in the ensuing 3 months) and 5) death. Restenosis is considered to oc-
cur only in the first year after initial PCL." Thereafter, patients have an ongoing long-term risk of

death. CATH = catheterization.
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Because there is no apparent effect on mortality,*” other than  main benefit of sirolimus-eluting stents may be the avoidance of
possibly that related to eliminating the immediate risk associated  the costs associated with repeat procedures and possibly improved
with a second procedure (catheterization, PCI or CABG), the HRQOL, since repeat procedures have the potential to reduce

Table 1: Baseline characteristics, event rates and health care costs of patients in the Alberta Provincial Project for Outcome
Assessment in Coronary Heart Disease (APPROACH) who underwent initial percutaneous coronary intervention (PCI) with
implantation of a bare metal stent

Age, yr Diabetes mellitus status
Variable Overall cohort <65 65-75 >75 No diabetes Diabetes
1998-2000 cohort n=7334 n=4429 n=2005 n =900 n==6015 n=1319
Baseline characteristics
Age, yr, mean (SD) 61.5(11.6) 53.9(7.7) 70.2 (2.8) 79.6 (3.2) 61.2(11.7) 63.0(11.2)
Sex, male, % 70.9 80.9 68.3 58.2 67.7 76.2
Diabetes mellitus present, % 18.0 16.7 20.2 19.4 - -
Indication, %
Acute myocardial infarction 46.9 48.6 43.2 46.7 47.2 45.7
Unstable angina 27.3 255 26.1 33.1 26.9 29.3
Stable angina 19.9 20.1 20.1 14.2 19.9 20.1
Other 5.9 5.8 10.6 6.0 6.0 4.9
Use of glycoprotein IIB/IIIA inhibitors, % 46.4 47.6 46.0 411 46.2 46.9
Event rates, %
Death within 7 d after initial PCI 1.1 0.6 1.2 3.1 1.0 1.4
Repeat catheterization for restenosis
within 12 mo after index PCI
With revascularization procedure
(and proportion with CABG as
second procedure) 8.2 (28.0) 8.5(21.9) 8.1 (32.1) 7.0(17.4) 7.8(28.1) 9.9 (27.9)
Without revascularization procedure 12.2 12.6 11.6 11.2 11.9 13.5
Death in first 6 mo 1.4 0.8 1.8 3.6 1.3 1.7
For patients with repeat catheterization,
death within 30 d
After CABG 3.1 1.8 3.6 5.6 29 3.8
After repeat PCI 1.4 0.7 1.8 3.3 1.2 2.0
Without revascularization procedure 1.8 0.9 2.0 4.7 1.5 3.0
Subsequent annual mortality rate* 1.4 0.7 2.0 3.4 1.5 3.1
EUROQOL EQ-5D utility scores
Eventt 0.77 0.77 0.79 0.74 0.78 0.72
Event-free 0.85 0.86 0.84 0.78 0.86 0.78
1995-97 cohort n=13812 n=1134 n=>508 n=170 n=1551 n=261
Mean costs in 2002 Canadian dollars
(and interquartile range)
Year 1
Event-free 5195 4297 6 168 8 047 4948 6736
(2 079-5 733) (1 773-4 648) (2737-6 515) (3 400-8 787) (2 055-5 379) (2 459-7 426)
CABG# 32 009 - - - - -
(20 750-40 072)
Repeat PCl+ 15569 - - - - _
(8 870-17 343)
Repeat catheterization without 12 591 - - - — -
revascularization procedures (5 603-15 114)
Year 2 3226 2 634 4224 4188 2 860 5398
(401-3 142) (244-2 376) (11364 229) (1 290-4 560) (371-2903) (778-5173)
Year 3 2337 1819 3 354 2756 2141 3502
(336-2 525) (211-1957) (977-3 144) (911-3 557) (306-2 355) (809-3 628)
Year 4 1775 1410 2295 2 662 1651 2516
(231-2189) (158-1672) (756-2 762) (766-2 820) (223-2 031) (293-2 938)

Note: SD = standard deviation, CABG = coronary artery bypass grafting.

*Estimated within our model by multiplying the baseline mortality rate by the appropriate Cox proportional-hazard ratio.
tDefined as the need for repeat catheterization, whether or not a revascularization procedure was performed.

$Costs were estimated by health state in year 1 and on the basis of age and diabetes status in subsequent years.
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HRQOL. HRQOL was estimated in 1954 patients of the
APPROACH 1998-2000 cohort from self-reported EuroQol
EQ-5D utility scores obtained 1 year after catheterization. Mean

Table 2: Cost-utility of sirolimus-eluting stents, overall and
according to age and diabetes status

Incremental
Incremental  Incremental  cost-utility ratio,t

Patient group cost,* Can$ utility,t QALY Can$/QALY
Overall 2 500 0.04 58 721
Age, yr

<65 2 600 0.04 72 464

65-75 2 400 0.05 47 441

>75 2 600 0.07 40129
Diabetes status

No diabetes 2 500 0.04 63 383

Diabetes 2 400 0.06 44 135

Note: QALY = quality-adjusted life-year.

*The average additional cost per patient associated with implanting a sirolimus-eluting stent
rather than a conventional, uncoated stent. The costs considered include the immediate cost
of the stent and the procedure, as well as future health care costs incurred by patients with

utility scores were calculated for patients in each age/diabetes
stratum. Given that patients undergoing repeat procedures in our
data reported similar reductions in HRQOL regardless of the
type of procedure, the procedure-specific scores were combined
to produce a “combined-event” utility score. Given that long-
term HRQOL is unlikely to be impaired by a short-term proce-
dure, patients who underwent a second procedure received the
combined-event utility score only for the first year in our baseline
analysis. After year 1, HRQOL is assumed to be the same for pa-
tients in all of the health states.

For the economic analysis, we adopted a health care payer
perspective. The outcomes considered were costs and QALYs
over a patient’s lifetime. Costs and outcomes were discounted by
3% per year.” Data on costs were obtained from Alberta Health
and Wellness (the sole payer for hospital and physician care in
Alberta) for the 1995-1997 APPROACH cohort. Costs were cat-
egorized as hospital care, ambulatory care, home care, physician
claims and medication costs and were available to March 2001.
Ambulatory care costs were restricted to cardiac care. Annual
costs were estimated from the date of the index PCI and were
converted to 2002 Canadian dollars by applying a yearly inflation
factor.” Given that costs were relatively constant during years 3
and 4, we assumed that annual costs remained constant after the

either type of stent.
1The average QALY gained per patient.
$The additional expenditure required to gain 1 QALY.

4-year period.
We estimated the cost for each sirolimus-eluting and conven-
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Fig. 2: Scenario analyses. All analyses compare the base case, in which the cost per quality-adjusted life-year (QALY) gained with
the use of a sirolimus-eluting stent rather than a conventional stent with PCl is Can$58 721. Each horizontal bar represents the
cost per QALY gained in the described scenario, in which 1 or more input values is varied. For example, if the baseline restenosis
rate is changed to the RAVEL (RAndomized study with the sirolimus-eluting VELocity balloon-expandable stent’) restenosis rate,
the cost per QALY decreases to $54 176. *Varying estimates of 7-day mortality and clinical-event rates in patients in the cohort of
the Alberta Provincial Project for Outcome Assessment in Coronary Heart Disease (APPROACH). SIRIUS = study of the
SIRollmUS-eluting stent,> HRQOL = health-related quality of life.
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tional stent at Can$2900 and Can$500, respectively.® In the base-
line analysis, we used an average of 1.4 stents per PCI (the num-
ber of conventional stents used per patient in the APPROACH
cohort). The cost of care during the initial hospital stay was oth-
erwise assumed to be the same for each type of stent. Future
health care costs for patients receiving sirolimus-eluting stents are
likely to be reduced as a result of fewer second procedures, the
costs of which were assumed to be equal for patients originally
treated with either type of stent.

The cost per QALY gained with the implantation of a
sirolimus-eluting stent rather than a conventional stent was calcu-
lated for all patients undergoing PCI, as an overall group and in
subgroups based on age and diabetes status.

To determine the efficacy of sirolimus-eluting stents, we per-
formed a meta-analysis of the data from the 4 RCTs.*” The result-
ing pooled estimate (random-effects model) of 0.23 for the relative
risk of clinical restenosis was, in the baseline analysis, applied to re-
duce the probability of a second procedure (catheterization, PCI or
CABG). Methodologic details are included in the online appendix
(www.cmaj.ca/cgi/content/full/172/3/345/DCIl).

To examine the impact of the various assumptions required to
run the Markov model, we completed various scenario and sensi-
tivity analyses. Full methodologic details are available in the on-
line appendix.

Results

Table 1 displays the baseline characteristics, clinical out-
comes, including mortality and HRQOL (EQ-5D utility
scores), and costs of care for the APPROACH cohort of
patients with conventional stents. The mean age of the
overall cohort was 61.5 years, and 18.0% of the cohort re-
ported having diabetes. As expected, mortality increased
with age and diabetes status. The EQ-5D utility scores
were higher among event-free patients than among patients
who underwent a second procedure to manage restenosis
(overall cohort, 0.85 v. 0.77, p < 0.001).

The results of the baseline cost-utility analysis are pre-
sented in Table 2. The cost per QALY gained by im-
planting a sirolimus-eluting stent rather than a conven-
tional stent was Can$58 721. The use of sirolimus-eluting
stents was more economically attractive in older patients
and in patients with diabetes, owing in part to a higher
risk of death associated with second procedures in these
patients.

Our analysis was robust to plausible alternative scenarios
(Fig. 2). However, when we considered a scenario in which
sirolimus-eluting stents did not reduce the frequency of re-
peat catheterization with no revascularization procedure,
the cost per QALY gained rose to $108 340.

The results of the other one-way sensitivity analyses are
shown in Table 3. The cost per QALY of sirolimus-eluting
stents varied with the estimate of efficacy: when the efficacy
estimate was varied within a plausible range (relative risk
0.01-0.55), the cost per QALY ranged from $39 777 to
$119 280. When the clinical restenosis rate was increased
by 50% and by 100%, the cost per QALY improved to
$33 723 and $21 312, respectively. The cost per QALY

Sirolimus-eluting stents

also improved when the cost of sirolimus-eluting stents was
decreased by 25% ($35 082) or 50% ($11 443).

Fig. 3 presents the results of a scenario analysis simulat-
ing more closely a US health care setting. When the costs
of care were increased by 50% and the restenosis rate was
varied, the cost per QALY gained decreased to
Can$23 831. Applying in addition the 30-day mortality
rates associated with CABG and PCI that have been re-
ported in US settings,'*" the cost per QALY gained de-
creased to Can$17 741.

Table 3: Sensitivity analysis*

Incremental cost

per QALY gained,
Variable Can$/QALY
Base case 58 721
30-d mortality rate after second procedure
Increased 50% 40 838
Decreased 50% 106 445
CABG rate
Increased 25% 55379
Decreased 25% 62 309
Clinical restenosis ratet
Decreased 25% (to 10.7%) 83 801
Increased 50% (to 21.3%) 33723
Increased 100% (to 28.4%) 21312
Assuming patients undergoing a second PCl
receive a sirolimus-eluting stent 56 187
Difference in EQ-5D scores between event
and event-free groups
Increased 50% 55169
Decreased 50% 62 760
Subsequent mortality rate
Upper 95% ClI 62 507
Lower 95% Cl 55398
Efficacy of sirolimus-eluting stents: relative risk
from meta-analysis with fixed- effects model (0.21) 56 996
Lower 95% Cl in RAVEL (0.01) 39777
Upper 95% Cl in SIRIUS (0.55) 119 280
Cost of sirolimus-eluting stents
Increased 25% 82 359
Reduced 25% 35082
Reduced 50% 11 443
Average number of stents per procedure
Increased 25% 78 284
Decreased 25% 39157
Discount
None 44 691
5% rate 68 573
6% rate 73 582

Note: Cl = confidence interval, RAVEL = RAndomized study with the sirolimus-eluting
VELocity balloon-expandable stent,” SIRIUS = study of the SIRollmUS-eluting stent.’

*Full methodologic details are available in the online appendix (www.cmaj.ca/cgi/content
/full/172/3/345/DC1).

tEstimated for the base case as the rate of restenosis followed by repeat PCl or CABG (8.2%)
combined with the rate of repeat catheterization not followed by a revascularization
procedure (12.0%), when 49.5% of the latter instances of restenosis were considered
preventable (8.2% + 6.0% = 14.2%).
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Interpretation

In the baseline analysis, the overall cost per QALY
gained with the implantation of sirolimus-eluting stents
was Can$58 721; the cost varied from $40 129 to $72 464
among the subgroups based on age and diabetes status. The
use of these stents appeared to be more economically at-
tractive in older patients and in those with diabetes, owing
to a combination of factors, the most important being the
higher 30-day mortality associated with second procedures
in these subgroups; this finding is consistent with the re-
sults from a preliminary short-term cost-effectiveness
analysis performed in the US setting.’ When the clinical
restenosis rate was increased by 50% and 100%, as in pa-
tients with more complex lesions,' the cost per QALY was
reduced to $33 723 and $21 312, respectively.

It seems reasonable to compare the cost per QALY asso-
ciated with sirolimus-eluting stents and the cost per QALY
of other commonly funded forms of therapy. Published es-
timates of cost per QALY gained for CABG range from
Can$13 200 to $100 000."" For cardiac defibrillators
when implanted in cardiac arrest survivors with a low ejec-
tion fracton the estimated cost per QALY is $75 000,
and for intensive glycemic control in patients with type 2
diabetes the estimated cost per QALY is $41 384.* The
cost per QALY associated with sirolimus-eluting stents in
our analysis ($58 721) is comparable, although it is higher
than that of many economically efficient forms of medical
therapy (e.g., intensive hypertension control in patients

with type 2 diabetes [about -$1959 per QALY]).”

Our analysis was sensitive to the estimate considered for
the efficacy of sirolimus-eluting stents, which suggests that
more research is needed into the effectiveness of these
stents in preventing “clinical restenosis.” In addition, our
analysis was sensitive to whether these stents prevented re-
peat catheterizations that were not followed by revascular-
ization procedures: when we assumed that such procedures
were not prevented by sirolimus-eluting stents, the cost per
QALY increased to $108 340.

Since we could not derive actual outcomes associated
with complex lesions from our patient cohort, our sensitiv-
ity analysis presented a scenario with estimated rates of
clinical restenosis similar to those reported specifically for
patients with complex lesions.”” The cost per QALY im-
proved to $21 312 when only patients with complex lesions
were considered. This raises the possibility of selected use
of sirolimus-eluting stents for only such patients, a strategy
that anecdotal reports suggest may already be operating in
some Canadian centres. If such a policy were to be formally
implemented, explicit criteria for defining “complex” le-
sions would need to be derived and possibly audited.

Drug-eluting stents are a promising technologic advance
in reducing the risk of restenosis after PCI. However, given
the large potential population of eligible patients and the
high cost of sirolimus-eluting stents, it is important to con-
sider the impact on both clinical outcomes and costs. These
data will inform decisions on reimbursement and on pa-
tient selection. The use of sirolimus-eluting stents in PCI
patients, particularly those at higher risk of restenosis or at
high risk of death if a second revascularization procedure

Scenario

Costs of care
increased by 50%

Base case

Costs of care
increased by 50%,
restenosis rate 14.1%

Costs of care increased by
50%, restenosis rate 14.1%,
30-day mortality rate after CABG

5.4% and after PCI 1.21%

T T
10 000 20 000

30000
Cost-utility ratio, Can$/QALY
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Fig. 3: Scenario analysis simulating more closely a US health care setting. In addition to in-
creasing the costs of care by 50%, the restenosis rate and the 30-day mortality associated with
CABG and PCl were changed to those reported in US settings (shown in the figure). In the base-
line analysis, the restenosis rate was 14.2%, the 30-day mortality after CABG 3.1% and the 30-

day mortality after PCI 1.4%.
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were to be required, is associated with a cost-effectiveness
ratio similar to those of other accepted medical forms of
therapy. The use of these stents has an incremental cost
and, in the absence of a budget increase, would require re-
sources from other health care sectors.
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